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ASSESSMENT OF RECOVERABLE ENERGY RESOURCES

The World Energy Resources Program of the U.S. Geological Survey (USGS)
intends to develop reliable and credible estimates of undiscovered recoverable
petroleum resources throughout the world, Initial program efforts have
focused on the major producing areas of the worid to gain a broad geological
understanding of the characteristics of petroleum occurrence for purposes of
resource assessment, as well as for analysis of production potential,
Investigations of production potential are carried out in cooperation with
other U.S. Government agencies; specifically, the studies of the main free
world exporting nations, of which this study 1s a part, are carried out In
cooperation with the Foreign Energy Supply Assessment Program of the
Department of Energy. The estimates represent the views of a U.S. Geological
Survey study team and should not be regarded as an officlal position of the
U.S. Government,

The program seeks to investigate resource potential at the basin level,
primarily through analogy with other petroleum regions, and does not
necessarily require, therefore, current exploration information that is
commonly held proprietary., In conducting the geological Investigations, we
intend to bulld a support base of publicly available data and regional
geologic synthesis against which to measure the progress of exploration and
thereby validate the assessment, Most of these investigations will lead
directly to quantitative resource assessments; resource assessment, |ike
exploration, to be effective, must be an ongoing process taking advantage of
changing ideas and data availability--the results produced being progress
reports reflecting on a state of knowledge at a point In time., Because this
program is coordinated with the USGS domestic assessment program and both
utilize similar techniques for assessment, the user can be assured of a thread
of consistency permitting comparisons between the various petroleum basins of
the world, Including the United States, that have been assessed in the overall
USGS program.

In additlon to resource estimates, the program provides a regional base
of understanding for In-country exploration analysis and for analysis of media
reports regarding the exploratory success or failure of ventures In studied
areas.

Other U.S. Geological Survey publications relating to the assessment of
undiscovered conventionally recoverable petroleum resources are available from
the Open File Services Section, Branch of Distribution, USGS, Box 25425,
Federal Center, Denver, CO 80225,
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Undiscovered Petroleum Resources of Indonesia
By
John Kingston
ABSTRACT

Thirteen of the 44 sedimentary basins along the 2,900-mile east-west
extent of Indonesia are believed to contain nearly all of Indonesla's petro-
leum resources. Western Indonesla, underlalin by the Aslan (Sunda) continental
block, comprises the Sumatra-Java archipelago, the Island of Kalimantan, and
the Intervening Sunda Shelf, This area contains more than 95 percent of
present Indonesian petroleum reserves, and exploration has reached the stage
of early to middle maturity., Reserves are concentrated in the flve larger
back-arc basins of the archipelago and In three rifted basins of the
Kal Imantan-Sunda Shelf area.

Eastern Indonesla, essentially Irian Jaya (western New Guinea) and the
adjoinlng shelf, was formed by tectonic activity along the north edge of the
Austral lan-New Guinea continental block, whwere locally derlived coarsely
clastic, non-marine in nature (fig. 7), followed by dark, carbonaceous,
brackish water shales, By early Miocene time, continued subsidence west of an
early Miocene hinge line resulted In coalescing of the subbasins 1n a qulet,
mar Ine environment, West of the hinge |ine, deposition was largely shale with
carbonate facles over horst-block highs, while calcarenite and sandstones or
reefal carbonates were deposited on the platform east of the hinge line,
Continued slower subsidey eight USGS geologists with 48 play analyses [n 17
basins as a guide, and the results are shown as probablility curves,

Aggregation of the mean estimates for the four maln groups of basins:
Sumatra-Java, Kalimantan, Natuna, and Irfan Jaya, Indicates that undiscovered
recoverable petroleum resources of Indonesia are 10 billion barrels of ofll
(BBO) and condensate, and 95 trillion cubic feet (Tcf) of gas (not Including
60 Tcf of discovered, but undeveloped gas).



INTRODUCT ION

Indoneslia is a country of great lateral extent, measuring about 2,900
miles from east to west with 44 onshore and foshore sedimentary basins
covering an area of approximately 550,000 mi® (fig. 1). The resource
assessment study co§cen+ra+es on 13 of these basins which have an overall area
of about 420,000 mi“, and for reasons discussed below are estimated to have at
least 90 percent of the Natlion's discovered and undiscovered petroleum,

Discovered or producing fields of Indonesia have original reserves of
some 20 billion barrels of oil (BBO) (and condensate) and over 100 trillion
cubic feet (Tcf) of gas (including about 60 Tcf of gas which are believed fo
be discovered but not on production). Petroleum production Is confined to 10
basins, plus significant discoveries or shows indicating potential production
In two additional basins (fig. 2).

Proved reserve estimates are beyond the scope of this study but are
presented as a scaling tool for the resource estimate of each basin. Varlous
published estimates or Indications of reserves differ considerably, but not so
much as to affect such an application. Used In this study were the latest
available oil and condensate estimates, as of 1983, published by the Energy
Information Administration (EIA) (Dietzman, 1984). The only available gas
reserve numbers (1979) are those derived from the combined data of Hariadi
(1980) and Patmosukismo (1980) of Pertamina,

The level of pefroleum exploration In Indonesian basins varies, Some
basins, such as South Sumatra, are explored rather thoroughly and have been
declining in production for years; others, such as those of Irlan Jaya (Indo-
nesfan New Guinea) and eastern Indonesia, are very sparsely explored. Detalls
of exploration and production history are discussed under the Individual
basins.,

The purpose of this study is to provide a basis for a quantitative
assessment of undiscovered petroleum resources of Indonesia. To this end,
every appropriate estimate of a geological or historical factor is quantified,
even though it may be only a guess, and the derivation of, or rationale
behind, each estimate Is given., New Information may cause a revision of a
particular number; the revision can then be plugged back iIndividually Into the
system effecting a corresponding change in the overall resource estimate,

Data sources of the study are essentially |imited to available published
information, though some unpublished maps and other data have been referred
to.

Although background geology is covered briefly, the focus of this study
Is on the significant geologic factors bearing directly upon petroleum
occurrence, The study is structured to support a play analysis approach,
Estimates of the significant geologic factors for 48 plays in 17 basins are
summar ized in play analysis form,

The play analysis method used here Is a modified volumetric yield method
with each of the appropriate geologic factors considered separately (Roadifer,
1979). In this play analysis, estimates are made of seven principal factors;
1) acres of untested trap, 2) percent of untested trap area which Is
productive, 3) percent of oll versus gas, 4) feet of average effective pay, 5)
oil recovery In barrels per acre-foot (a function of reservoir quality), 6)
gas recovery in thousands of cubic feet per acre-foot, and 7) natural gas
ITquids (NGL) in barrels per million cubic feet of gas. The estimates are
given as ranges to indicate varying degrees of certainty. For brevity, only
the most |ikely value (or mode) is used in the text discussion of the
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rationale behind each estimate. As an additional assessment guide, the
limiting factor or factors affecting the play are emphasized.

The petroleum geology outlined In this report, along with the play
analyses, was presented to a board of eight U.S. Geological Survey (USGS)
geologlsts who, after discussion and del iberation from the perspective of
thelr Individual experiences, arrived at a subjective consensus as to the
amount of undiscovered recoverable petroleum resources in each basin or group
of basins (a modified Delphi method described by Dolton and others in USGS
Circular 860). Because the unknown cannot be predicted with precision,
probability curves better convey the true nature of the estimate rather than a
single, or point value. On the condition that recoverable resources are
Indeed present, initial assessments were made for each of the provinces as
fol lows:

1) A low resource estimate corresponding to a 95-percent probabliity that the
resource quantity exceeds that amount,

2) A high resource estimate corresponding to a 5-percent probabil ity that the
resource quantity exceeds that amount,

3) A modal (most likely) estimate of the quantity of resource.

Final estimates of the group are averaged, and those numbers are computer
processed by using probabilistic methodology (Crovelll, 1981). The resulting
curves show graphically the resource values assoclated with a full range of
probabilities and determine the mean, as well as other statistical parameters.
The resultant curves for each province are shown., Estimates drawn from these
curves form the conclusion of this report.

REGIONAL GEOLOGY
Role of Tectonlics

Tectonlcs assume a special Importance in Indonesia in regard to petroleum
accumulation., Maturation of source rock, preservation of source material,
development of reservolirs, and the formation of traps are all directly
affected by the movements and Interaction of |ithospheric plates. The
principal plates involved are the Asian Plate (including the accreted Sunda
continental fragment), the Pacific Plate, and the once separate Indian and
Australian Plates,

There are five principal Tertiary ftectonic events or interactions, in
order of Importance affecting basin formation and the accumulation of
petroleum:

1. Subduction of the Indian Plate beneath the Asian Plate

2. Rifting of eastern Sulawesi (t+he Celebes) from Kalimantan (Borneo)

3. Relative westward and southward thrust of the Pacific Plate Into the
region, causing disruption of previous terrains, sinistral wrenching, and
oblique collision and subduction under the Australian continental block,
which Includes southern New Gulinea

4, RIfting and opening of the South China Sea

5. Opening of the Thai-Malay Graben

Plate interactions are considered in more detalil in the discussions of the

Individual basins,

Tectonic Basin Classification

I+ Is difficult to define sedimentary areas as to what should be basins
or subbasins in this complex region. For the sake of conformity, the



definitions of previous authors, I.e., Hamilton, 1974, 1978; Fletcher and
Soepar Jadi, 1975, 1977; Kartaadiputra and others, 1982, were used. A
significant basin is defined as one containing sediments with thicknesses
greater than about 3,000 ft (about | km, or | second of selsmic reflection
tige). On that basis, | have shown 44 basins comprising an area of 550,000

mi® (fig. 1). In the exceptional case of the eastern Java Sea, where the
whole shelfal region has a sedimentary thickness of over 3,000 ft, individual
depocenters of somewhat thicker sedimentary fill (i.e. approximately 52000 f+)
are designated as basins, More than half of the basin area (300,000 m™) Is
over oceanic or attenuated continental crust regions in deep water; this
basinal area would be much larger If it were not |imited, by my definition, to
basins having over 3,000 f+ of sediment, In fact, some of the structural
basins of the oceanic crust areas Indicated as major basins (e.g. Weber, North
Banda) by some authors, have been shown by Kartaadiputra and others, 1982, to
have minimal sediment thicknesses.

Basins may be categorized tectonically by thelr positions on the inter-
acting plates or continents of the region. Figure 3 shows the predominant
tectonic characteristic of each of the principal basins; not indicated Is that
wrenching is a dominant tralt of many of the basins, particularly those of
Sumatra, West Na§una, and Irlag Jaya, The areal extent of these basins varies
from 1,000 sq mi® to 75,000 mi~ (Sumatra Outer Arc), and sedimentary
thicknesses range up to over 30,000 ft (Kutel basin),

The effect of the position of the basin, In relation to the interacting
plates, on the thermal gradients is of paramount significance for petroleum
generation, |n general, the inner- or back-arc basins are the warmest, the
rifted continental margin basins are next warmest, and the outer arc basins
are the coolest,

Effects of Underlying Crust

Indonesia Is divided, geologically, into three regions on the basis of
the underlying crust, 1) Aslian continental crust, 2) Australlan continental
crust, and 3) oceanlc and island-arc crust (fig. 3). Continental crust
regions, being more buoyant, approximate topographically higher areas where
water depth Is less than 600 f+, The continental crust Is made up mostly of
old, granite-intruded terraln (craton), Fourteen of the 44 basins are
underlaln by continental crust (fig. 3), The other less buoyant crustal
areas, those underlalin by oceanic crust or attenuated continental crust, are
general ly covered by more than 600 ft+ of water,

The distribution of continental versus oceanic crust also affects the
thermal gradient of the basins; gradients over continental crust areas are
significantly higher, For example, the foreland basins of Sumatra, underlain
by craton, have a high gradient but gradually become cooler in the East Java
basin, underlain by accreted continental crust, and even cooler in the Ball
and Flores basins, which are undertain by oceanic crust.

Basins off the continental crust area are generally of poorer source,
being of low thermal gradient and further from the source of terrestrial
organic matter, the prime source material of the generally high paraffinic
petroleum of Indonesia, These basins also generally lack adequate reservoir
rocks because they are further from quartz-rich provenances and lack a high-
energy nerlitic depositional environment, Basins underlain by oceanic or
attenuated continental crust are, therefore, less prospective and contaln a
negligible amount of undiscovered petroleum, They, therefore, are not discus-
sed further, However, because three of these deep-water basins, the Sumatra
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Outer Arc, the Java Quter Arc, and the South Makassar basins, have such a
great volume of sediment a play analysis of each is Included In this report.

Structural Trap Types

Individual trap-forming structures are discussed under each basin, but In
general, there are four major types of relevant structures:

1. Early horst and graben block-faulting, usually lower Miocene or older,
forms fault traps in older (Cretaceous to lower Miocene) sediments, drape
closures in younger (Neogene) sediments, and growth sites for Miocene reefs.

2. Drag-fold structures are prevalent In Sumatra, West Natuna, and in
Irtan Jaya where wrench faulting is dominant,

3, Anticlinal folds of probable compressional origin are extensive along
the east coast of Kal imantan (Borneo) and in central Irian Jaya.

4, Dlapiric folds or folds with considerable shale flowage are common in
the North Sumatra, East Java, eastern KalImantan, and Waropen basins,

Regional Stratigraphy

Because the stratigraphy of Indonesia Is highly variable, 1t is best
described if the rocks of the Aslian continental block are considered
separately from those In the Australian continental block.

Asian Continental Block

The Asian block (Sundaland) is ringed by a |ine of Tertiary basins (fig.
3). Although these basins vary In detail, thelir sedimentary record has a
parallel, one-cycle history, broken down into three phases, 1) transgression,
2) still stand, and, 3) a regression:

1. Eocene to early Miocene - Initial filling of Isolated terrestrial
basins, largely grabens, followed by marine transgression and delta develop-
ment at the end of the period

2. Early to middle Mlocene - regional quiescence characterized by shale
and carbonate deposition

3, Middle Miocene to Pllocene - regression with coarser clastics and
deltalc deposition.

Austral ian Continental Block

The southern half of the island of New Guinea had been a north-facing
continental shelf from Middle Jurassic to mid-Tertiary. Shelf sedimentation
of mainly Australia~derived sandstones and shales (Kembelangan Group)
persisted through the Jurassic, Cretaceous, and early Tertiary. During early
Tertiary through late Miocene, clastic inflow diminished, and sedimentation
was mainly carbonate and shale (New Guinea Limestone Group). Near the end of
the Miocene, more coarse clastic sediments (Klasaman, Steenkool, and Buru
Formations) filled the shelf area basins of southern and western Irian Jaya.
These sandstones and shales, In contrast to the older, Australia-derived
sediments from the south, were derived from the medial, east-west trending
mountains of Irlan Jaya to the north, which were formed by the Miocene
collision of the Australian continent with an Island arc of the Pacific Plate,
At about the same time, Miocene and Pliocene sediments, which were derived
from the collision zone and from the higher parts of the finally accreted



island arc forming the north coast of Irian Jaya, filled the Waropen Basin of
north Irian Jaya.

Probable Source Rocks

Figure 2 shows petroleum production and reserves, and substantial
occurrences (l.e. indications of potential production), or discoveries., |+t
also shows that production is |imited to ten basins, and production plus
significant occurrence to 12 basins,

Figure 4 shows the thermally mature rock distribution of Indonesia. This
map was constructed by projecting the approximate top of thermally mature
sediments In each basin laterally to the Infersection with the basin flank.
Determinations of the top of thermally mature sediments were derived from
publ ished maturity Indices, or by estimation (method of Hood, 1975) from
published thermal gradients and age-depth data. In analogous areas, estimates
of thermal maturity were made by comparison of thermal gradients,

Figure 4 shows that only 18 of the 44 basins analyzed are underiain by
significant amounts of thermally mature source sediments, In 14 of these 18
basins, thermally mature sediments appear to be of apprecliable organic
richness, Thermally mature sediments of 4 (the Sumatra and Java outer-arc
basins and the Timor and N. Ceram Trenches) of the 18 basins, however, appear
to be In a melange open-sea facies so that any organic richness might have
been diluted or destroyed, and therefore have a much lower generating
potential.

However, melange-type sediments do have some |imited petroleum generating
capacity, as indicated by oll and gas seeps along the edges of the Sumatra and
Java outer arc basins, In addition to seeps on the island of Timor, and a
small oll fleld (Bula) on the Iisland of Ceram. An oil seep on the north side
of the Waropen basin may emanate from melange or island-arc material,

A comparison of petroleum production and discoveries (fig. 2) with
thermally mature source rock occurrence (fig. 4) shows that only three basins
have an apprecliable volume of thermally mature rock (non-melange), but no ofl
or gas discoveries (Waropen, Arafura, and South Makassar). Perhaps lack of
discoveries may be related to the relatively minor exploration effort in these
basins.

A comparison of the overall basin distribution (figs. 1 and 3) and mature
source rock occurrences (fig. 4) indicates that the source rocks are confined
to the continental crusted areas, but more Importantly, only 14 of 44
Indonesian basins have an appreciable potential for generating petroleum,

Reservolirs

There are six groups of reservoirs, three associated with the Aslan
Continental Block and three with the Australian Continental Block.

Asian Continental Block Reservoirs

Reservoirs of western Indonesia are related to the previously described
three phases of sedimentation of the Asian Continental Block.

a. Paleogene and lower Miocene Transgressive and Deltalc Sandstones

During early Tertiary, the western part of the Aslan Continental Block
was emergent and terrestrial sediments filled In and levelled Intermontane
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lows. In the east, Eocene to Ol igocene seas transgressed westward over the
continent and carbonate rocks are abundant in the East Java Sea area. The
terrestrial rocks contain only poor to fair reservoirs, although reserves of
217 MMBO have been found In fractured Eocene volcanics/tuffs In west Java,
near Jatibarang. The marine transgressive Eocene sandstones of east

Kal Imantan (Borneo) have better reservolr properties; In the Barito basin they
have 20 to 25 percent porosity.

In late Ol igocene to early Miocene, there was even more widespread
transgression, and these transgressive basal sandstones are productive of oll
In North Sumatra and Central Sumatra and possibly in South Sumatra and West
Natuna. Though as yet unproductive, these sandstones are of high potential In
East KalImantan. During the end of this geologic time range, rising highlands
of Malaysia were the source of the Sthapas and Talang Akar deltas in the
Central Sumatra, South Sumatra, and West Java basins. These deltaic
sandstones, along with basal transgressive sandstones, have ylelded most of
the Indonesian petroleum produced In recent years. Central Sumatra deltalc
sands alone provide about half of Indonesia's production of 1.4 MMBOPD.

b. Miocene Reefs

A single, lower Miocene, deeply buried, porous reef of central North
Sumatra basin, the Arun Field, produces almost two-thirds of the reef
production of Indonesia (73 MMBOE gas and 22 MMBOE condensate In 1980). Other
deeply buried reefs are indicated, and upper Miocene reefs yield oll and gas
on the shallow foreland of the North Sumatra basin. In the South Sumatra and
Northwest Java basins, the lower Miocene Is represented In part by carbonate
rocks In the form of isolated reefs (Batu Raja Formation), but eastwards, In
the East Java Sea and Barito basins, equivalent age carbonates were deposited
as a thick platform sequence.

In the middle Miocene, an extensive, 1,000 to 3,000-ft thick carbonate
platform with large (up to 25,000 acres) reefs (Terumbu LIimestone) occupied
the East Natuna Basin Shelf (the Terumbu L imestone). In one structure, the
"L" structure, the porous zone (extending down into the platform carbonate) Is
5,261 ft+ thick. Hydrocarbon gas (i.e., excluding 72 percent carbon dioxIde)
reserves of this single unproduced structure are estimated to be more than 60
Tcf.

c. Neogene Regressive and Deltalc Sandstones

Starting In about the middle Miocene, seas began to regress from the
Aslan Continental Block as a result of widespread deltalic deposition around
the perimeter of the block. The deltalc sandstones, although not as abundant
as Paleogene and lower Mlocene deltalc sandstones, produce one-third of the
ofl and gas In Indonesia, These sandstones are of secondary Importance in
Sumatra, but they are the primary producers In the West and East Java and
Kutel basins. Upper Mlocene sandstones are also the maln producers (over
100,000 BOPD and unknown amounts of gas) In the adjoining, down-dip Malaysian
portion of the Indonesian West Natuna basin.
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Austral fan Continental Block Reservoirs

There are three groups of reservoirs corresponding to the main
sedimentary groups of the province on the Australlan Continental Block.

a. Cretaceous Sandstones

Sandstones and shales, ranging In age from Jurassic to Paleogene, but
mainly of Cretaceous age, are present in most of southern New Guinea. They
exceed 1,500 ft+ In thickness, and, although detalls of reservoir quality are
unavailable, appear to be prospective as reservoirs In the Salawati-Bintuni
and Arafura basins,

b. Miocene Reefs

Middle to upper Miocene reefs produce ofl in the Salawati subbasin and
are the objectives In drilling of the Bintuni subbasin and the Arafura basin,
Many reefs are dry and are bel feved to have been especlially prone to leaking
and flushing because of Insufficient penecontemporaneous shale cover which Is
an Important requirement for petroleum accumulation In these basins,

c. Pliocene Sandstones

There are two different geographic groups of Neogene, Pl locene,
sandstones in Irfan Jaya. One group is made up of the Steenkool, Klasaman,
and Buru Formations, and extends east-west along the southern side of Irlan
Jaya Central Ranges. This group Is shale and sandstone, with many, extensive
sandstones at least In the Bintuni subbasin,

The second group, The Mamberamo Formation and its equivalent, is as much
as 15,000 f+ in thickness in the Waropen basin. |+ Is derived from the
Central Ranges to the south and from accreted Island arc to the north, Gross
descriptions report an abundance of graywackes and subgraywackes in the
section, Indicating less favorable reservoir quality, However, reported
graded bedding indicates that turbidites exists in the deep Waropen basin and
that there is some chance that adequate reservoirs are present,

Summary

1. Fourteen of 44 Indonesian basins are considered to have adequate thermally
mature, organic-rich source rocks, There may be undiscovered petroleum
resources outside of these 14 basins, but the amounts are not significant in
this assessment, and are not considered further In the text of the report.

2, Four additional basins may have sufficient thermally mature source
sediments but the organic richness of the sediments Is in doubt. Three of
these basins, though not included 1n the text discussion, are Included In the
play analyses.

3. Reservoirs of varying but adequate quantity and qual ity are present in the
14 basins with presumed favorable source rock, with the possible exception of
South Makassar basin, leaving 13 basins with both adequate source and
reservoir rock, which form the text of the report (South Makassar, however, is
included in the play analysis).

12



4, Half of the oll and gas (58 percent of the oll) produced in Indonesia
comes from Eocene - lower Miocene transgressive and delta front sandstones,
which are largely confined to three basins, Central Sumatra, South Sumatra,
and Northwest Java basins,

5. One-third of the oll and gas (31 percent of the oll) Is produced mainly
from regressive Miocene-Pliocene sandstones in the Kutel basin (94 percent),
with the remaining 6 percent from the North Sumatra and Java basins,

6. Seventeen percent of Indonesian ofl and gas (10 percent of the oil) Is
produced from Miocene reef reservoirs., When the "L" Structure Gas Fileld (East
Natuna) Is developed, most of Indonesian petroleum, mainly gas, will be from
Miocene reef reservoirs,

7. Most of the Irian Jaya basins, I. e., the Arafura basin, the Waropen
basin, and the Bintuni subbasin, apparently have adequate source and reservolir
rocks where exploration has been minimal and no discoveries have been made.

INDIVIDUAL BASIN ASSESSMENTS
North Sumatra Basin
Location and Size

The North Sumatra basin Is the westernmost of the Indonesian basins (fig.
1). As In the case of the other Sumatran basins, I+ Is on the western edge of
the Sunda continental block., It occuplesthe northwestern part of the island
of Sumatra and has an agea some 33,000 mi~ with a sediment volume of
approximately 97,000 mi~ (fig. 5).

Exploration and Production History

Oil production began In 1885 from the Telaga Sald Field, the first
production In Indonesia and the birth of Shell Oil Company. By World War IlI,
exploration resulted in a modest potential production of some 20,000 BOD.
After a long Interruption by World War Il and subsequent political unrest, ofl
production slowly rose to about 25,000 BOD., Initial exploration targets were
relatively shallow Miocene~Pllocene sandstones; the traps were largely found
by surface geologic investigation, Later geophysical work led to the
discovery of relatively deep (10,000-foot) gas in lower Miocene carbonate
rocks at Arun in 1971, which was estimated to contain about 14.25 Tcf of gas
plus approximately 755 MMB of condensate. Gas and oil were later dlscovered
In sandstones and In small offshore reefs on the North Sumatra Shelf.

Six plays have been developed In North Sumatra (figs. 6 and 7) (1) deep
basin reefs, 2) Neogene sandstones, 3) shallow shelf reefs, 4) early Miocene
shelf sandstones, 5) Paleogene basal drapes, and 6) offshore slope, which will
be discussed In some detall, Only one of these plays (deep basin reefs) has
ma jor production, one play (Neogene sandstones) has minor production, two
plays (shallow shelf reefs and early Mliocene shelf sandstones) have Indicated
discoveries but are yet to be put on production and two plays (Paleogene basal
drapes and offshore slope) have yet to provide a discovery.

The estimated future discovery rate for the deep basin reefs is 20
percent; the Neogene sandstones, 14 percent; the shallow-shelf reefs, 22
percent; the early Miocene shelf sandstones, 20 percent; the Paleogene basal

13
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drapes have an assumed average of about 7 percent and the offshore slope even
less, about 5 percent,

Exploration is still in an early mature stage; for the deep basin reefs,
about 50 percent exploration is estimated; for the Neogene sandstones, 75
percent; for the shallow shelf reefs and early Miocene shelf sandstones, an
average of about 30 percent; and for the Paleogene basal drapes, 10 percent,.
The offshore slope is yet to be explored.

Original primary reserves appear to be about 2,1 billion barrels of oil
and condensate (2.377 according to EIA, 1984) and 16.25 Tcf of gas, including
14,25 Tcf of Arun proven gas reserves and an estimated 2 Tcf of undeveloped
gas discovered In the shelf reefs,

Structure
General Tectonics

The North Sumatra basin Is one of three inner-arc (back-arc) basins along
the east side of Sumatra (figs. 1 and 5)., The trace of the subduction zone,
where the Indian Plate subducts obliquely beneath the Sunda Continental Block,
Is about 160 mi offshore, west of and parallel to the west coast of Sumatra;
the related volcanic arc forms the Barisan Mountains along the west side of
Sumatra. The North Sumatra basin |ies between the Barisan Mountains on the
west and the Malaysia craton area on the east and is underlain by continental
crust of the Sunda Continental Block,

The formation of the North Sumatra basin began with the development of
Isolated subbasins in a north-trending Paleogene, or older, down-faul+ted
trough with horst-graben structures. Initial sediments were locally derived
coarsely clastic, non-marine in nature (fig. 7), followed by dark,
carbonaceous, brackish water shales, By early Miocene time, continued
subsidence west of an early Miocene hinge line resulted In coalescing of the
subbasins in a quiet, marine environment, West of the hinge |ine, deposition
was largely shale with carbonate facies over horst-block highs, while
calcarenite and sandstones or reefal carbonates were deposited on the platform
east of the hinge line., Continued slower subsidence resulted in deposition of
shale Interbedded with sandstones of probable turbidite origin coincident with
the rise of the Barisan Mountains on the west side of the basin. From middle
Miocene and later, the principal source of the sediments was from the Barisan
Mountains, Prior to this, the Malaysia craton on the east was the source
area.

Structural Traps

The most petroliferous traps In the basin are stratigraphic and are
discussed under reservoirs (deep basin reefs and shallow shelf reefs).

The oldest structural fraps are those associated with Paleogene north-
trending horsts and grabens, which are largely confined to the deeper, basinal
area west of the hinge line (fig. 5), and cover an area approximately 5,6 mil-
[fon acres (MMA), the Paleogene basal drape play area (fig. 6, area 5)., The
total area of all traps, Including largely drape structures and some fault
closures is estimated to be 5.5 percent of the play area or 308,000 acres.
Reefal bulldups associated with the horst and graben features, discussed under
reservoirs, are important petroleum reservoirs, but are restricted in area
(fig. 6, area 1).
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East of the early Miocene hinge line (fig. 5) Is the shallow Malacca
Shelf, which has an irregular pre-Tertiary erosion surface of low rellef,
faulted knobs, following an approximate north trend., The knobs are the locl
of draped sandstones and carbonate bulldups of Tertiary age. In general, the
knobs are mainly, but not exclusively, associated with reefal buildup in the
northern one-fourth of the shelf (figs. 6 and 10), an area some 2.7 MMA
compared to 10.7 MMA for the entire shelf area. Drape structures are present
over the entire shelf, On the onshore part of the shelf, isolated highs, i.e.
drape trap areas, make up 2 percent of the shelf area.

Apart from these older, basement-controlled structures are younger
northwest-trending anticlines Involving Miocene and Pllocene sandstones.

These folds appear to be partly of compressional, and of diapiric origin, and
are present over the entire basinal area west of the hinge line (fig. 6), an
area of 5.6 MMA, Based on Mulnadiono's (1976) map of part of the area (fig.
8) approximately 8.3 percent of the Neogene sandstone (fig. 6) play area |les
within closed anticlines, comprising 470,000 acres.

Sumatra was affected by dextral strike-slip (wrench) faulting, from at
least the middle Miocene, as the Indian Plate slipped northward past the Sunda
Continental Block., This event produced drag folds in Central Sumatra, but the
drag origin of any of the folding has not been recognized In the North Sumatra
basins, possibly due to the masking effect of shale diapirism.

Stratigraphy
General Stratigraphy

General stratigraphy of North Sumatra is summarized in figure 7. Basal,
non-mar ine, coarse clastics (Parapat Formation) were deposited Initially as
basal sandstones In Isolated graben-type basins In Paleogene time, followed by
the deposition of brackish water, carbonaceous shales (Bampo Formation).

Subsidence continued in early Miocene time, and isolated subbasins
coalesced with the deposition of the marine Peutu Formation more seaward
(westward) of the early Miocene hinge line (fig. 5), and deposition of the
Belumal Formation on the shelf to the east. The Peutu Formation s a
calcareous shale-carbonate unlt with the carbonate facies in the form of reefs
(principal gas reservoir) on topographic highs, The Belumal Formation is a
calcarenite, or sandstone, and shale unit with an equivalent carbonate facles;
the carbonate facies (Malacca L imestone Member) forms carbonate bulildups over
basement highs. Maximum marine encroachment occurred in the middie Mlocene,
when the thick shale of the Baong Formation was deposited. Interbedded with
the shale are Isolated sandstone bodies, which have produced minor amounts of
hydrocarbons to date.

Accelerated uplift of the Barisan Mountalins in Miocene and Pliocene led
to deposition of sandstone and shales of the Keutapang, Seurula, and Julu
Rayeu Formations, In the west and south, adjacent to the Barisan Mountains,
these formations are mainly sandstone but become more shaly to the east and
north, These sandstones are the principal oll reservoirs In the North Sumatra
basin,

Reservoirs
The five principal reservoirs of the North Sumatra basin Tertiary section

are, In chronologic order: 1) Paleogene basal sandstones (Parapat Formation),
2) deep basin reefs (Peutu Formation), 3) lower Miocene shelf sandstones

18
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(Belamal Formation), 4) shallow shelf reefs (Malacca | imestone Member, Belamal
Formation), and 5) Neogene sandstones (Baong, Keutapang and Seurula
Formations). These reservoirs are each of a unique geologic setting, and In
four of six settings, the reservoir characteristics designate the play. The
greatest hydrocarbon (gas) producer is the deep basin reefs. Neogene
sandstones have produced all the oil to date from the basin, and gas and oil
production is planned from the shallow shelf reefs, The lower Miocene shelf
sandstones have ylielded gas and oil, but at rates that are only marginally
economic and the Paleogene basal sandstones have had only minor shows.

1.

Quartzose sandstones are present locally around the horst paleotopography
that formed in the deeper part of the basin In late Mesozolic-early Paleogene.
No data are avallable concerning effective pay thickness; in any case, this
would not be a |Imiting parameter, and one hundred feet [s assumed as an
average effective pay. The porosity of these basal sandstones Is poor,
averaging about 12 percent where measurable,

2. Deep basin reefs (Peutu Reefs)

Gas accumulations occur in carbonate reefs and banks of the lower Miocene
Peutu Formation. The play Is |imited to carbonate platforms over Paleogene
horst blocks in the deep, central paﬁf of the North Sumatra basin (fig. 6).
The area of the play Is about 860 mi~ or .55 milllion acres (MMA),

Reefs appear to have grown on the higher parts of an Irregular carbonate
platform. At Arun Field, reef growth, starting perhaps from a number of
paleotopographic highs In this case, may have coalesced to form one large
(42,000-acre) reef complex (fig. 9). Extrapolation in a part of the play
Indicates that about 13 percent, or about 71,000 acres, of the play area may
be untested carbonate buildup.

Information concerning the reef objectives of this play is limited to the
Arun Limestone (a member of the Peutu Formation from which gas of the Arun
Field Is produced). The reservoir in the Arun Fleld has an average net pay of
503 ft, and an average porosity of 16.2 percent with a water saturation of 17
percent., The Arun reef Is probably one of the thickest reefs of the Peutu
Formation; a reallstic average pay thickness for the play is about 350 ft.

The reservoir parameters of the Arun Field, mentioned above, are assumed to be
average for the play. The volume of recoverable gas in these deep basin reefs
Is enhanced by the effects of over-pressure; reservoir pressure s reported to
be about 7,000 pounds per square inch at the Arun Field at a depth of about
10,000 ft.

3. Lower Miocene Shelf Sandstones (Belumal Formation)

The Belumal Formation, made up of quartzose sandstones, calcarenites, and
shales, overllies the shelf area of the basin (areas 3 and 4 of fig. 6). The
quartzose sandstones are plentiful In the south, but carbonate~cemented
sandstone and carbonates predominate to the north; therefore, the |imited
prospective reservoir, confined to area 4 (fig. 6), is about 8 milllon acres
(MMA) ,

Effective thickness of pay Is very Irregular owing to unpredictable and
rather pervasive effects of calclium carbonate cementation. Avallable data
indicates that the average effective pay may be about 150 ft. Hydrocarbon
recovery generally is low owing to the effects of both this carbonate
cementation and to flushing. FIfteen percent porosity, 25 percent water
saturation are good averages for the Belumal Formation reservoirs,
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21



4, Shelf Reefs (Ma a Linestone Member, Belumal Formation

Reefs are sltuated on the Irregular surface of the shallow Malacca Shelf
east of the hinge Iine (figs. 5, 6, 7, and 10), They appear to be conflined
to the northern third of the Malacca Shelf, an area of about 2.7 million
acres., Distribution of the reefs follows a northerly trend along pre-Tertlary
and Paleogene paleotopography simlilar to early Miocene drape features (see
Structural Traps) (fig. 10). Some 70 carbonate bulldups were mapped by 1982,
which had areal closures ranging from 125 to 10,000 acres and vertical rellef
of up to 1,100 ft+ (McArthur and Helm, 1982), The trap area of the reefs Is
estimated at 3,5 percent of the play area, and only about one-half of this
area has been tested.

Reported hydrocarbon columns In the reefs range up to 680 ft, and average
effective pay In the play Is 200 ft., Average porosity value of reef |Imestone
Is around 24 percent, and the reef dolomite Is about 20 percent, for an
overall average of 22 percent, Permeability Is varlable and, as Indicated by
drill-stem test data, Is appreciably affected by fracturing.

5.

These shaly sandstone reservoirs largely derived from the rising Barisan
Mountalns to the west, are most prevalent in the western, more basinal part of
North Sumatra basin, These sands are Involved In structural folds In area 5
(fig. 6). Reservoir sandstones occur In three formations, Baong, Keutapang,
and Seurula (fig. 7). The Baong Formation Is largely a shale unit with
Interspersed Isolated sandstones; the Keutapang contains many sandstones and
the main potentially productive reservoirs; the Seurula has relatively little
sandstone, The maximum gross sandstone thickness in the Keutapang Formation
Is 468 f+ with in 14 zones; sandstones average 10 to 20 ft In thickness,
Average sandstones thickness over the play area Is estimated to be 150 ft,
The sandstone reservolrs are shaly and porosity ranges from 15 to 20 percent,

Seals

The seals consist of shales of varying effectiveness, Of some concern
are the blanket sandstones of the shelf part of the basin (Belumal Formation),
which extend to the outcrop area, and where there has been extensive flushing
of reservoirs on a regional scale,

Seal for the deeper basinal gas plays, that [s, the deep basin reefs and
probably most of the Paleogene basal sandstones, 1s massive, thick over-
pressured shale. The younger, oll and gas-bearing Miocene-Pliocene clastic
section has a high shale content, The sandstones also have a high clay
content and generally low permeab!|ity, and so the clay Is belleved to be a
falrly effective seal, The shallow shelf reefs of the eastern shelf generally
have a thin shale cover, Because of this, leakage may have occurred from
these reefs,

Source Section

The main source rock Is confined to the lower Baong Formation and the
older part of the section below approximately 8,000 feet (see below),

22



© *(2861) W[BH PUR UNYIAYOW 433JY ‘'splats seb pue_|to
L4834 pue S}a9Jd BuiMOYS uLSeq BURUNS YJJON B40USHJO0 JO eaJde |BJ[3ys jO del---0T a4nblLd

]
1409 334 O
10 w aidid uo @ wy o¢ 0
[ 1 11 .|
'R Q13ld sV D 1w ot 0

<_m><.~<$_/\

—
P

NVONYSNId NBOW
7

1a<

23




Petroleum Generation and Migration
Richness of Source

Measurements of the total organic carbon in the thermally mature
sediments averages about 1 percent, which indicates an adequate, but not rich,
source rock (Kingston, 1978). Organic matter appears to be a mixture of gas-
prone and ol l-prone kerogen. Adequacy of source, as well as seals, Is

confirmed by the 60 percent flill of the Arun reef reservoir, 40 percent otll
and gas flll for the Miocene-Plliocene folds, 30 percent fill for the shelf
sandstones, and a high 80 percent fill for the shelf reefs,

Depth and Volume of Source Rock

Depth to the top of the mature sediments Is confirmed by vitrinite
reflectance and carbon preference index measurements from a number of wells
(Kingston, 1978). However, the depth varies throughout the basin because of
local variable thermal gradients and subsidence rates, but averages about
8,000 f+, ind!cafgng +hat there Is a volume of mature or over-mature sediments
of about 25.6M mi~,

0il versus Gas

The major gas zone Is |imited to the deep, predominantly shale basin
within overpressured depths, while the oil is Iimited to the shallow edges and
shelf of the basin. I+ is believed that most undiscovered petroleum would be
In the deeper, less explored parts of the basin, and would be only 7.5 to 15
percent oll versus gas while the shallower platform areas would be 25 to 75
percent oil.

Migration Timing versus Trap Formation

Assuming a uniform subsidence and thermal gradient through the Tertiary,
petroleum generation and migration from source rocks would have commenced In
about early Miocene time, when subsidence of the deeper parts of the basin
reached 8,000 f+, and continued to the present, Source rocks affected range
in age from Oligocene to late Miocene. Since the principal reservoirs are
lower Miocene reefs and Pllocene structural folds involving upper Miocene
sandstones, It appears that the beginning of migration followed the formation
of carbonate traps, but generally antedates the structural traps that contain
sandstone, Migration was considerably impeded by a thick, massive section of
overpressured shale of Oligocene to middle Miocene age. It Is belleved that
the overpressured shale allowed only the migration of the smaller hydrocarbon
molecules (l.e., gas) by molecular diffusion., The larger molecules (i,e.,
oll) remaining locked In the shale until continued subsidence and heat
eventually cracked the molecules to gas, Under these conditions, the deeper,
central basin shale-enveloped reefs, e.g., the Arun reef, accumulated only
gas. |In contrast, the shallower basin edge sandstones accumulated oll,
derived from shallower shales interbedded with the sandstones which bled off
the overpressure that Iimpeded migration of the larger oil molecules. The
amount of oll that migrated and accumulated Is |imited, however, Inasmuch as
only a relatively small part of the total volume of thermally mature strata is
In the relatively shallow shale and sandstone section above the overpressured
shale. Some, or all, of this shallow oil (67 percent gasoline) may be
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retrograde condensate derived from gas/condensate which migrated along faults
from the deep, geopressured section,

Plays

North Sumatra basin is divided into six principal plays, which are
discussed In detall in the play analysis sheets and listed In order of their
estimated potential, as follows:

1. Deep basin reef play. Gas accumulations in deep basin carbonate reefs
and banks In the lower Miocene Peutu Formation (figs. 6 and 7).

2, Neogene sandstone play. OIll and gas accumulations in middle Miocene to
lower Pliocene sandstones of the Baong, Keutapang, and Seurula Formations
trapped In Neogene anticlines (figs. 6 and 7).

3. Shallow shelf reef play. Ol and gas accumulations in Miocene carbonate
buildups (Malacca Member, Belumai Formation) on the relatively shallow
foreland shelf (figs. 6 and 7).

4, Lower Miocene shelf sandstone play. Ol and gas accumulations in |ower
Miocene clastic reservoirs of the Belumal Formation, draped over north-
trending, low relief basement highs on the foreland shelf (figs. 6 and 7).

5. Paleogene basal drapes play. OIl and gas accumulations in Paleogene
basal sandstones of the Parapat Formation draped over horst blocks in the
deeper part of the basin (figs. 6 and 7).

6. Offshore slope play. OIl or gas accumulations in folded or faulted rocks
of the deep-water slope off the north coast of Sumatra.

Central Sumatra Basin
Location and Size

The Central Sumatra basin is In the central part of eastern Sumatra (fig.
1), near zhe west edge of the Asian Continental Block. |t has an area some
27,000 mi®, or 17.2 million acresy and Is a relatively shallow basin with a
volume of approximately 29,000 mi~ (figs. 11 and 12),

Exploration and Production History

Petroleum exploration, begun in 1938, included outcrop surveys, shallow
stratigraphic dug-pits and holes, followed by seismic surveys., A shallow gas
field, Sebanga, was discovered in 1940, The discovery well of the Minas oill
field was located just prior to World War |l and actually was drilled by
Japanese occupation troops In 1945, Subsequent exploration of the Central
Sumatra basin resulted in the discovery of about 125 oll fields, with original
reserves (as of 1978) of approximately 8.746 BBO (E!A, 1984) (fig. 11).

It 1s estimated that exploration of the basin Is in a mature stage, about
75 percent complete. Greater than ninety percent of the petroleum comes from
one play, the Sthapas sandstones (lower Miocene deltaic sandstones). The
discovery rate Is about 22 percent, but Is probably declining., I+ is
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estimated that perhaps 15 percent of the untested, available trap-area may
contain petroleum,

Structure
General Tectonics

The Central Sumatra basin Is one of a series of back-arc (Inner-arc)
basins between the Barisan Mountain volcanic arc range and the Sunda Shelf
(craton) to the northeast. In general, the basin Is a shallow shelf generally
less than 5,000 ft+ deep with generally north-trending graben-deeps or
trenches, reaching 8,000 ft deep. While the southern part of the basin Is
shallow, the northwestern one-eighth, the so-called Baraman subbasin, is about
12,000 ft+ deep (fig. 12).

There appears to have been two structural events: 1) A Pre-Tertiary to
Paleogene extension, which resulted In a series of approximately north-
trending horsts and grabens, or troughs, which were filled with Paleogene (?),
largely non- marine sediments, and 2) extensive, generally northwest-trending,
dextral wrench faulting and accompanying drag folding, which probably
prevailed through most of the Tertiary, reaching a climax in the Pliocene-
Plelistocene.

Structural Traps

The petroleum-bearing structures of the basin in part resulted from
sedimentary drape over older fault blocks, e.g., Minas and Durl Fields, and In
part, from drag folds associated with wrenching, which includes most of the
smal ler accumulations. Extrapolation from field maps indicates that an
estimated 5.5 percent of the basin is trap area. An estimated 75 percent of
the individual traps have been tested, leaving some 236,000 acres to be
tested.

Stratigraphy

General stratigraphy Is summarized in Figure 14, In essence, the
extensional horst and graben structure of the early Tertiary and pre-Tertiary
was leveled by erosion of highs and Infilling of the deep grabens in the
Paleogene by the Pematang non-marine, largely lacustrine strata. In lower
Miocene, the Sihapas Group, a wedge of deltaic-marginal marine sandstones,
derived from the Sunda Shelf encroached southwestward into the basin. The
Telisa Formation of open-marine shales Is largely the basinward equivalent of
the Sihapas Group but also is in part younger, and its younger part extends
northeastward over the top of the Sihapas delta beds. Following middle
Miocene uplift and erosion, the basin was filled by coarser clastics derived
largely from the Barisan Mountains on the southwest.

Reservoirs

Reservoirs of the Sthapas Group contain over 90 percent of the oll of the
Central Sumatra basin., The three principal reservoir units within the group
are the Duri, Bekasap, and Menggala Formations (figs. 13 and 14), The
closures often have stacked reservoirs so that the net effective pay may be as
much as 800 f+, often 200 to 400 f+. I+ is estimated, however, that new finds
will be In somewhat less favorable parts of the basin and will average a

28



MOHS 10
_NOILONOONJ IO
avod
VK
ONVS

1

*LL a4nbL4 31§
‘ulSeq BJIBWNG [BUIUI) © Y-y ‘u0L}IBS

*(9.61) ojytauesosbuopm 4331}y
$S0ud OLydedbrieals JSS-MNN--"€T a4nbLyg

vy3yv ONICISENS

L4048 017

\

\.

\

—)

Steg a4
P d

0%

h] S
. , ~ I0VIS
I =
mom w_.¢ YHS V] R o d xxunp,cuarx.‘uh\\uu\\\\; [
!:-a.h M - - Ry o u n [ o - o - 1314
3 e 3 & =z z 3 z z 2 S
v » > m 3 3 c -3 z
x a o - M @ 1 o » - -
. - »n @
- o “
*38S ANN

29



Flones- |LocAL
MY.| AGE |[EPOCH == TAGES UNITS LITHOLOGY
NIFERA [PLaNKTON SW NE
} PLEISTO-
| CENE & MINAS FM./ALLUVIUM| 6ravel. sond ond cloy
28 RECENT
: ———
| PLIOCENE
-5.2
6.6 MESSINIAN E NI7
| TORTONIAN 3 N i6 Greenish gray shoie.sondslone
<0.3 N '5 G PETANi FM. and siistone
NNOS
N 14
, NNE |
SERRAVAL- WINIS | NNT
LIAN ~
O INI2
w o R NNG6
= [NIO H
15.5 1 Brownish gray , calcareous shale ond
LANGHIAN = NS |NNS H L - ] sitstane , accasianal limestones
H6. 5 w
N8 Hz| TELISA™",
o ——=-NN4 J FM. M
o N7 || K D’.R = sne. shole letereder e
BURDIGA- > L e
-_— FM.
LIAN - NN3 \&E : -
N6 M BEKASAP + <D | Medium 1o coorse groined sondstone
= @ ‘&t ond minar shale
CE B - M, N
Gray ,calcarecus shole with sandstone
: N S N-N 2 N BAN%F . : interdeds and minor limestone
22.5 b — - " 1 «
. | - -
AQUITANIAN N4 ? NNI 0 MENGGALA FM. = :;::lo':\:ro:'::. groined sandstone,
24
- Red ond [ d yston
PALEO P PEMATANG FM. | and corbonoceccs shale ,0nd e 1o
GENE medium grained sandstane
-] mmn
TEF?TE[;RY BASEMENT Greywacke ,quartzite granite ,argillile
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little less pay, probably around 200 ft. Porosity ranges from 10 to 40
percent, averaging 27 percent in the Minas Field; this Is taken to be the
average of the basin, The primary oll recovery factor varies from a low of
7.3 percent at Duri to 25 percent. It Is estimated that the average recovery
Is 350 barrels of oll per acre-foot,

Minor production has developed from the fluvial=~lacustrine sands under-
lylng the Sihapas Group (Pematang Formation) and from lower Telisa marginal
mar ine sandstones, but these possibly additional prospects would not
appreclably add to the estimates of undiscovered petroleum for the basin.

Seals

The regional seal for the Sihapas sandstones are the shales of the Tellisa
Formation, which appear to be quite effective. Intra-Sihapas shales,
particularly of the Banko Formation, are good seals of the individual stacked
reservoir sandstones.

Source Sectlion

The source section appears to be largely In the Paleogene (Pematang
Formation), but in the more deeply depressed parts of the basin, may be the
Intra=Sthapas shales or, to a s|ight extent, the Tellsa Formation (see section
on Petroleum Generation and Migration).

Petroleum Generation and Migration
Richness of Source

No organic richness data are available, but it appears that the largely
non-mar Ine, appreciably lacustrine, Pematang Formation must be the princlipal
source, since 1) 1t Is the only major unit of which a considerable volume Is
sufficiently deep to be mature, and 2) Central Sumatra basin crude has the
character of non-marine oil source, being of a high wax content and high pour
point,

The organic richness of the Pematang must be extremely high, as may be
deduced by the great volume of oll In relation to the apparent small volume of
source rock, confined as it is to the deeper grabens below 5,000 ft,

The amount of petroleum fill in available traps may be an Indicator of
the richness of the oll sources. The amount of fill varies from fleld to
fleld; some are filled to the spill point while others are only 22 percent
filled. The average fill is about 40 percent,

Depth and Volume of Source Rock

The average thermal gradient of the Central Sumatra basin is about 3,7°F/
100 ft+. This, together with its present average subsidence rate, places the
top of the thermally mature zone for petroleum production at about 5,000 ft.
Most of the basin is shallower than this depth so that the generating area is
limited to the relatively narrow, deeper troughs, which are largely fllled by
the Pema+an§ Formation (see fig. 12), It Is estimated that the source volume
Is 9,200 mi~,
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0il versus Gas

The gas-oil ratio Is unusually low over most of the basin, 35 SCF/STB at
Minas., It is estimated that undiscovered petroleum will be 95 percent oil.
Minor gas occurrence in the western part of the basin has been related to coal
versus lacustrine facies In the underlying Pematang source rock.

Migration Timing versus Trap Formation

Assuming generally uniform subsidence and thermal gradient through the
Tertlary, petroleum generation and migration in appreclable quantities would
have started when sufficient source rock reached a depth of 5,000 ft+ in the
early Miocene. Trapping would not have commenced until shale cover developed
in the early Miocene in the central part of the basin and middle Miocene along
the northeast basin rim, so perhaps some oll escaped, but in general the
timing was early and favorable, perhaps preserving the Sihapas sandstones from
deterioration,

The Sihapas sandstones are good reservoir and condults, and secondary
lateral migration after the oll reached these sandstones was probably
extensive, It is belleved that a considerable portion of the present drag-
fold closures were filled by secondary migration, l.e., oll already within the
reservolr flowing laterally into the structure as It was raised.

Plays

Although the Central Sumatra basin Is the most prolific of the Indonesian
basins, it is geologically the simplest and Is essentially one play; the
Sthapas sandstones accumulations trapped in either sedimentary drapes or drag
folds.

South Sumatra Basin
Location and Size

The South Sumatra basin Is on the southern end of Sumatra near the west
edge of the Asian Continental Block (fig. 1). It partially Is separated from
the Central Sumatra basin to the north at about 1° south latitude by a large
basement outcrop, the Tigapuluh Mountains, and from the northwest Java basin
by the shallgw Lampung Platform (fig. 15). The basin hag an approximate area
of 18,300 mi” and a sedimentary volume of some 40,000 mi~,

Exploration and Production History

01l production was established In South Sumatra In the late nineteenth
century from the regressive middle~upper Miocene sandstones (Air Benekat
Formation). In 1922 oll production was obtained from the Talang Akar deltalc
sands (Talang Akar Field, fig. 16), which have subsequently proved to be the
primary producing formation of the basin from which, as of 1981, 1.3 BBO have
been produced (Hutapea, 1981). Between 1938 and 1941, gas was discovered In
three small fields from carbonate reservoirs of the Baturaja Formation, which
has developed into the secondary petroleum and largely gas producer of South
Sumatra. However, recent discoveries of substantial oil have been made In the
Baturaja Formation in the Ramba and nearby fields.
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Petroconsultants (1980).
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Most of the larger fields, l.e., reserves of more than 50 mil!ion
barrels, were discovered prior to World War |Il. The size of discoveries after
World War |l has been declining, and, except for some notable exceptions,
e.g., Ramba, the curve appears to be generally asymptotic to fields of about
10 million barrels of reserves, The anticlinal discovery rate Is declining
and appears to be averaging 10 percent and, at the present activity level,
approaching an average of three successful wildcats per year. The Baturaja
reef discovery rate Is somewhat higher, about 13 percent., The basin Is
estimated to be about 80 percent explored.

Results of exploration to date have been to establish original oll
reserves of 1.7 billion, of which about 1.5 billlion had been produced (EIA,
1984). Gas reserves appear to be 4 Tcf, of which 1.7 have been produced as of
1980 (Harladl, 1980; Patmosukismo, 1980).

Structure
General Tectonics

The South Sumatra basin Is one of a string of back arc (Inner-arc) basins
between the Barisan Mountain volcanic arc to the southwest and the Sunda Shelf
(craton) to the northeast. A late Cretaceous to Paleogene tensional (and
wrenching) regime resulted in a number of north-northwest-trending, +ilted
horst blocks and grabens, half-grabens, or troughs. The Miocene-P| locene
wrenching, which Is prominent In the Central Sumatra basin, is not so evlident
but surely present (although probably to a lesser degree).

There are |ittle data concerning the amount of structural traps. I+
appears that the structures are dominantly sedimentary drapes and
stratigraphic traps associated with the tIllted fault blocks of the late-
Cretaceous-Paleogene tensional (and wrenching) period. An unknown number of
the productive traps may be drag folds, e.g., the Talang Akar Field.,

Structural Traps

Indlvidual structural closures are distributed over the basin., There are
not sufficient data at hand to separate the drapes over tilted horst blocks
from the drag folds assoclated with wrench faults, but a structure map of part
of the basin where oil flelds appear concentrated indicates that folds, of
elither origin, make up 11.5 percent of the area, The percentage probably
would be lower, perhaps 7 percent for the whole basin., These structures
Involve both of the principal sandstone horizons, the lower Miocene (Talang
Akar) sandstones and the middle Miocene-P|locene sandstones. The lower
Miocene (Baturaja) reefs are localized on some of these structures (see
Reservoirs),

Stratigraphy

The Paleogene sedimentation was largely non-marine and volcanic (figs. 17
and 18), filling the lower part of the local grabens and troughs caused by the
tensional (and wrenching), block-faulting tectonics of the late Cretaceous-
early Tertiary so that by early Miocene many separate basins had coalesced
Into the South Sumatra basin (figs. 15 and 18). |In the early Miocene, the
extenslve Talang Akar delta system of |lght-colored sandstones and dark shales
prograded from the Sunda Shelf westward and southward into the basin. The
sandstones developed over topographic highs and the shales filled the lows.
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About middle Miocene, there was a quiescent period allowing carbonate
deposition on highs (Baturaja Formation), followed by a widespread
transgression of the sea (Telisa Formation). A regressive period of deltaic
and coarse clastic sedimentation began in late Miocene and has continued to
the present.

Reservoirs

The principal reservoirs are the lower Miocene deltaic (Talang Akar)
sandstones, lower Miocene (Baturaja) reefs, and middle-upper Miocene (Air
Benekat-Maura Enem) sandstones, Each of these reservoirs constitutes a play
and Is discussed more fully in the play analyses, The lower Miocene
sandstones contain some 90 percent of the petroleum reserves.

1. Lower Miocene Talang Akar Sandstones

The Talang Akar Formation contains many discontinuous sandy zones, as
might be expected in a deltaic environment, In the Raja field, there are 16
production sandstones, In an illustration of a rather thin Raja field
section, which contains only 11 production zones (Hutapea, 1981), there
appears to be about 165 ft+ of net sandstone development, Elsewhere Basuni
(1978) reported 517 ft of "hydrocarbon bearing sandstones™ in the same field.
I+ is estimated that the average net thickness over the Raja field may be 200
f+ and that +this thickness would be a reasonable net average for the South
Sumatra basin reservoirs,

The porosity of the Talang Akar sandstones ranges from 15 to 23,
averaging perhaps 19 percent at the Raja field, which is taken to be the
average for the basin,

20

The Baturaja Formation is a carbonate unit that extends discontinuously
over the South Sumatra basin, the carbonate bulldups being concentrated over
Paleogene highs, Extrapolation of a reef distribution map (fig., 19; after
Basuki and Pane, 1976,) Indicates that 1 percent of the play area contains
carbonate bufldup, but i+ Is suspected that doubte this amount will be
discovered as the demand for gas Is increased and as further and more advanced
seismic techniques are applled,

In the Raja field, the Baturaja |imestone "ranges from thin shaly
| imestone sections to intervals of 170 ft+ of extremely porous |imestone"
(Basuni, 1978); perhaps this 170 ft+ Is a good average net pay thickness for
the carbonate builldups of the basin,

The average porosity of the Baturaja carbonate In the Raja field is 20
percent (Basuni, 1978), and this is taken as the average for the basin, Water
saturation Is 20 percent in the Raja field, and this is |ikewise assumed to be
the average for the basin,

3. Middle Miocene-P|locene Sandstones

In the absence of available data and considering the small amount of
production, the net pay of the middle Miocene-Pliocene sandstones is probably
relatively thin, perhaps averaging 75 ft.
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Seals

The principal reservoirs, i.,e., the early Miocene sandstones, are
effectively sealed by the middle Miocene marine (Tellisa or Gumai) shales. The
shallower much less prolific sandstones are not sealed so well,

Source Section

The source section is principally the lower Miocene deltaic dark shale of
the Talang Akar Formation. It is discussed In the following section.

Petroleum Generation and Migration
Richness of Source

There are no data concerning the richness of source. However, it appears
that at least the dark deltaic coal-bearing shales associated with main
petroleum reservoirs, the Talang Akar sandstones, are sufficiently organically
rich to be a source rock on the basis of the following:

1. The dark, organic appearance of the shales,
2, 0il is produced from sandstone lenses completely enclosed by the shale.

3. The oil is waxy and of a high pour-point, which is usually ascribed to a
terrigenous, i.e., lacustrine, source,

4, Total organic carbon readings in the lithologically simllar, coal-bearing
Talang Akar shales in the basin to the east (Northwest Java basin) are high,
indicating a rich source.

5. The overlying open-marine Telisa or Gumal shale appears to be a poor
environment for organic preservation and probably is not an appreciable
source,

6. A general indicator of the richness (and volume) of source (as well as
seal) Is the amount of petroleum fill, |+ is estimated from ofl-field maps
that average petroleum fill is about 40 percent of the closure area.

Depth and Volume of Source Rock

The average thermal gradient Is about 2.15°F/100 ft+ and the subsidence
rate about 420 ft per million years; this places the average top of the
thermally mature sediments at approximately 6,500 f+ and the top of the over-
mature at 12,000 f+. These depths indicate 1) that the apparently richly
organic lower Miocene (Talang Akar) shales are thermally mature because they
are general ly bracketed by these depths (fig. 18); 2) that the gas of the
lower Miocene (Baturaja) reefs Is probably generated blogenetically from
immature sediments, or less |lkely, in the mature petroleum window rather than
from the thermally over-mature section; 3) that oil accumulations In the upper
Miocene-P| iocene sandstones require at least 1,000 f+ of vertical migration,
and 4) that the observed "source beds" of earlier investigators fit nicely
within these thermal |imits (fig. 18). I+ is doubtful, however, that much of
the strata within this mature zone, the open-marine Tellsa Formation, is
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organically rich enough fg produce oil, The volume of source sediment Is
estimated to be 22,500 mi~,

0il versus Gas

About 1.7 Tcf of gas have been produced in South Sumatra (Hariadi, 1980);
much additional gas has been vented and much used for reservoir repressuring.
Original gas reserves amount to 4 Tcf according to Hariadi, 1980, Oll reserves
are estimated at 1.7 billion barrels, |t appears that the Talang Akar
sandstones contain about equal amounts of oil and gas; the Baturaja reefs
contain mostly gas, perhaps about 30 percent oil; and the minor remaining
untested middle Miocene-P| locene sandstones with less effective sealing are
perhaps 70 percent oll., The gas of the Baturaja and younger formation is
generally shallow (<3000 ft) occurring on platforms around the perimeter of
the basin, and although no analyses are available, this gas may be mostly
bifogenic in origin.

Migration Timing versus Trap Formation

Assuming a uniform thermal gradient and rate of subsidence through the
Tertiary, generation and migration would commence when the subsiding,
organically-rich early Miocene Talang Akar shales reached a depth of 6,500 f+t,
which would be about In the middle Miocene. At that time, the principal
reservoirs, the Talang Akar, and in most places, the Baturaja Formations, were
In-place, but much of the Miocene-Pliocene sandstones were yet to be
deposited., Drape closures were available for trapping but the reservoirs of
the later Miocene-Pliocene drag folds depended on considerable vertical
migration of relatively late~-generated oil. The migration timing appears
especially favorable for the Talang Akar Formation, although there was a
period In the early Miocene when the reservoirs may have deteriorated prior to
the occupancy of petroleum,

Plays

The South Sumatra basin appears to have three principal plays; all extend
over the entire basin, They are considered in detail In the play analyses.

1. Lower Miocene (Talang Akar) Sandstones
Oil and gas accumulations in lower Miocene deltaic sandstones trapped In
anticlines of drape or drag-fold origin,

2,
Petroleum, mainly gas, accumulation In lower Miocene (Baturaja) carbonate
reefs and banks.,

3. Middle Miocene-P| iocene Sandstones
Petroleum accumulations in middle Miocene to Pl iocene sandstones in
anticlines formed mainly by drag folding or drapes.
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Northwest Java Basin
Location and Size

The Northwest Java basin occupies the western Java sea and the adjoining
onshore area of northwestern Java (fig. 1). It Is separated from the South
Sumatra basin by the Lampung high. |t has some shallow continuity with East
Java basin to the east, the boundary between the basins being drawn at a
saddle near longitude 110°30' E. The basin has a number of significantly
deeper early Miocene and older subbasins, the Sunda, Arjuna, Jatibarang,
Ciputat, and Pasir Putih (fig. 20)., Of these, the Sunda and Ar juna subbasins
are the largest and principal petroleum producers and are often regarded as
separate basins., The basin, as has existed since late middle Miocene, has an
appreciable fhtckEess (>3,000 ft+) of TerfIaryBage rocks (fig. 21) over an area
of some 20,600 mi® with a volume of 25,600 mi~.

Exploration and Production History

Although exploration of the onshore portion of the basin began in 1900,
| 1t+tle was discovered unti| modern techniques were applied when post-World War
Il exploration began In 1967; the first onshore wildcat discovered the
Jatibarang field in 1969, Offshore drilling commenced in 1968; In 1969 was
the first offshore oll discovery PSI-E1 (EF field) followed shortly by the
discovery of the B field, the largest In the basin, Until the beginning of
1983, 318 offshore wildcats had been drilled; 98 of these were designated
discoveries, glving a success rate of 31 percent. The latest major discovery
(In 1983) was Bima on the east edge of Sunda subbasin (fig. 20) which went on
production In 1986 with recoverable reserves of some 150 MMBO, Drilling
actlvity and the success rate have risen in late years, but It Is probable
that the new fleld sizes are diminishing., 1+ is apparently economical to
install a small offshore platform or tripod to exploit reserves of as |ittie
as 1 million barrels of ofl (Hardjadiwinangan, 1982), although 3 million
barrels may be taken as an average. This type of development would explain
the high success ratio obtained in the last few years. Reportedly, selsmic
data are excellent and, by this date, of fairly dense coverage. Accordingly,
the assumption Is made that around 70 percent of the offshore traps have been
drilled, presumably the larger, closer to facilities, and otherwise more
economical.

Onshore, largely the Jatibarang subbasin, the seismic data are not as
good, and only 60 percent of the potentlial onshore traps are assumed to have
been tested. Estimates on reserves are hampered by lack of data and by the
evident number of yet unappraised or developed fields,

It Is estimated that the original oll reserves, as of the end of 1983,
amount to around 2.75 BBO (EIA, 1984). Indicated original gas reserves as of
1979 are about 2,1 Tcf (Hartadi, 1980; Patmosukismo, 1980).

Structure
General Tectonics
The Northwest Java basin is one of a number of back-arc (or Inner-arc)

basins formed between the volcanic arc of Indonesia (1.e., the volcanic
Barisan Mountalns of Sumatra and the Southern Java Mountains of Java) to the
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Figure 21.--Stratigraphic chart, Northwest Java basin.
From Burbury (1977).
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south and west, and the craton area of Malaysia to the north and east (fig.
3).

Most of the basin Is a shelf, sloping from the craton towards the south,
A hinge line parallel and Just south of the north coast of Java separates the
shelf facies from a deeper basinal area (Bogor trough, fig. 20) of raplidly
deposited shales and volcanic sediments to the south,

This generally east-trending basin is transected by a number of north-
trending half-grabens (faulted on the east side) and grabens: the Sunda,
Ar juna, Jatibarang, Ciputat, and Pasir Putih subbasins (figs. 20, 22, and 23).
These In turn, are broken Into smaller, closure-producing horsts and grabens,
I+ 1s these subbasins which preserved organic material and, because of thelr
depth and therefore heat, are the kitchens of petroleum generation,

Structural Traps

Sedimentary deposition largely filled the subbasins by the end of the
Paleogene, reducing the relief of the Paleogene fault-block and drape
features. Compaction, however, extended the effects of these features into
early Miocene sedimentary drapes, but by late middie Miocene these effects
were largely subdued. The effectiveness of Paleogene structural traps Is
therefore largely restricted to the Paleogene subbasins or half-grabens. 2
These subbasins, shown In figures 20, 22, 23, and 24, have an area 7,000 mi
(5.46 MMA) or about one-third the total basin area (Sunda - 2.8 MMA, Arjuna -
1.2 MMA, Jatibarang - .74 MMA, and smaller onshore basins - .72 MMA),

No precise information Is avallable concerning the amount of subbasinal
area affected by the Paleogene fault-block and drape closures. In the
vicinity of the Krishna oil field, the closures are judged to make up about 9
percent of the background area (l.e., after subtracting out the Krishna
structure itself). In the adjoining South Sumatra basin where the geology Is
similar, the closures affecting Ol igocene~lower Miocene sandstones are deemed
to make up 5.5 percent of the play area. In the East Java Sea basin,
adjoining to the east, Tertiary drapes are estimated to occupy 7 percent of
the play area. On the basis of these analogies, it is estimated that 6
percent of the Paleogene play area, I.e., the subbasinal areas (5.5 MMA), Is
under structural closure, an area of some 330,000 acres.

The younger Neogene shallower drape closures are not confined to the deep
subbasins, As effective petroleum traps, however, they are |imited by
sufficlent reservoir sandstones In the northeastern part of the Northwest Java
basin, i.e., the area approximately north of the Java shoreline and east of
the Sunda subbasin, an area of some 1.6 MMA (the Ar juna basin, 1.2 MMA and its
periphery, 0.4 MMA). No Information Is avallable concerning the Neogene trap
area, By analogy to the traps of the Oligocene-lower Miocene (Talang Akar)
sandstones, which are also drapes over essentially the same features and are
presumably of parallel structures; these Neogene drapes are deemed to make up
6 percent of the play area or 100,000 acres.

Besides the structural traps, there are two plays involving carbonate
traps, lower Miocene (Baturaja) carbonates and middle Miocene carbonates,
whose areas and distribution will be discussed under Reservoirs,

Stratigraphy
The sediments of the Northwest Java basin are of Tertliary age and are

summarlzed in the stratigraphic column of figure 21 and cross sectlions of
figures 22 through 25. The stratigraphy, as displayed, is generalized for the
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favorable shelf part of the basin, north of a hinge Iine which Is just south
of the present Java coast (fig. 20). South of the hinge |ine the rapidly-
deposited, largely shale sedimentation Is dominated by pyroclastic material,
diluting the organic material and precluding the favorable reservoir
development of the shelf,

Initial Paleogene sedimentation was coarse and volcanic (Talang Akar
grits and Jatibarang volcanics) sediments filling the bottoms of the north-
trending grabens and half-grabens (figs. 22 and 23), This was followed by the
Talang Akar (Ol igocene-lower Miocene) delta prograding southward from the
Sunda craton area carrying quartz sandstones and rich organic material which
filled, or almost filled, the graben subbasins coalescing the subbasins into
the Northwest Java basin entity. A quiescent period followed where carbonates
and shales (Baturaja Limestone) prevailed across the whole basin forming reefs
near the top of the section, The carbonate regime was succeeded by a lower to
middle Miocene |ow-energy sequence of shelf shales, sandstones, and carbonates
(upper Cibulakan Member or Air Benakat Formation). The sandstone reservoirs,
as well as carbonate reservoirs, of this unit are especially abundant in the
Arjuna subbasin, Towards the top, the upper Cibulakan gradually became more
calcareous, until, in the upper middle Miocene, carbonates (Parigi Limestone)
again covered the eastern (Arjuna) part of the basin, The Parigi Limestone is
overlain by the Cisubah Claystone,

Reservolrs

There are five principal reservoir groups within the Northwest Java
basin. The distribution of each of these reservoirs is somewhat unique to the
others, and each Is affected by somewhat different traps. They are discussed
from oldest to youngest.

1. - ni

This reservoir Is essentially limited to one subbasin, the Jatibarang
subbasin, with an area of some 740,000 acres. The reservoir Is fractured
Paleogene tuffs and other volcanics, and its volume as well as Its porosity
and permeabl|ity are difficult to estimate. The average gross thickness of
fractured volcanics above the oll-water contact in the Jatibarang field is 800
ft. According to Todd and Pulunggono (1971), the "average cumulative
reservoir thickness is 600 feet." Sembodo (1973) illustrates 120 net f+ as an
example, Controlled by fracture permeability, the effective reservolr
thickness is very Irregular; an average thickness of 350 ft and a porosity of
22 percent Is estimated.

2, - a nes (Ta

This reservoir is limited to the area of the Paleogene subbasins, an area
of some 5.5 million acres, The average cumulative reservoir thickness of the
Talang Akar sandstones for the basin is estimated to be 110 ft and the average
porosity, 25 percent (Todd and Pulunggono, 1971),

3.

The reefal reservoirs appear to be more abundant in the Sunda subbasin
(where oil reserves are estimated to be 540 million barrels versus 40 million
barrels for the rest of the reservoirs), but they do extend over the Ar juna
ang northern Jatibarang subbasins and perIthral areas. An area of sgme 6,000
mi~ (3,84 million acres), Including 5,000 mi® subbasinal and 1,000 mi~ of
peripheral area is estimated.
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Little data are available as to how much of the early Miocene carbonates
are In the form of porous trap, i.e., reefs, banks, and structural closures of
porous zones, A partial map of the Krisna field reef complex (fig. 26)
indicates about 18 percent of the mapped area Is porous trap (the intertidal-
subtidal facies of fig. 26). Away from this field the percent of porosity
would be much lower, perhaps an average would be around 10 percent, A
regional isopach map of the Baturaja Formation, eastern Northwest Java basin
(fig. 27) suggests that about 15 percent of the Arjuna basin area is reef (and
infers no reefs on the onshore portions of the basin)., On this basis, It is
estimated that 12 percent of the entire play area (1.e., .461 million acres)
Is porous trap area. The average net pay thickness is 66 ft at the FF field,
reportedly 125 ft+ at the Arimba (X) field, 75 ft at the Zelda fleld, and 40 to
100 ft+ at the Krishna field. Todd and Pulunggono (1971) report 175 f+
"average cumulative reservoirs thickness™ for the first wildcats of the basin,
It appears that about 100 ft+ would be a good average net effective reservoir
thickness for the remaining prospects of the basin,

40 houd

By Miocene time the subbasins were largely filled and the intervening
highlands covered so that the sand came primarily from the Sunda shelf to the
north, thinning southwards so that appreciable sand thickness ended approxi-
mately at Java's north shore and apparently also thinning westwards into the
Sunda subbasin; in effect, largely limiting viable reservoirs to the Arjuna
subbasin vicinity. On this basis, the area of lower-middie Miocene sandstone
deposition is estimated to be about 1.6 million acres.

According to Todd and Pulunggono (1971), the average cumulative reservoir
thickness of these lower-middle Miocene sandstones Is 250 ft, An average
porosity of 26 percent and a water saturation of 40 percent were found at
Arjuna B fileld, and this is assumed to be an average for the basin,

5. i n

The distribution of the reef facies of the Middle Miocene carbonates is
not so closely controlled by the Paleogene structure as that of the under-
lying Baturaja Limestone. The "MId Main" reefs (fig. 21) are restricted by
the southeastern Seribu Platform (the M and P fields of fig. 20). The Pre-
Parigi reefs occur also in this area plus on the highs of the southern Ar juna
Basin, The Parigi Limestone is the least affected by the Paleogene structure
and extends over the basin. The reef facies, however, does not appear to
extend west of the M and P flelds nor east of Arimba, nor is it well developed
in the Ciputat subbasin nor in the northern Arjuna subbasin (fig. 20). It has
an estimated play area of 3.2 million acres.

The buildups of the Seribu Platform, the Arjuna subbasin, and the
Jatibarang subbasin have been actively drilled. The considerable reef
development of the Central Platform (map, Burbury, 1977) apparently has not
been drilled, perhaps because of shallowness causing low gas pressure and
concentration, poor seal, and requiring more platforms per trap. As indicated
by publiished maps (Burbury, 1977), there are about 690,000 acres of carbonate
trap area (including the Central Platform). Some of this trap area may prove
invalid and additional area may be mapped; however, 690,000 acres probably
approximates the amount of trap area in the play., The average cumulative pay
for the middle Miocene reefs appears to range from 30 ft (Todd and Pulunggano,
1971) to 277 ft+ (fig. 17 of Burbury, 1977)., Taking into consideration the
varying and unpredictable porosity, 120 ft is estimated.
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Seals

Except for perhaps the shalliowest of the Upper Cibulakan reefs, lack of
seals does not appear to be a problem. In spite of a generally shaly section,
however, primary vertical migration does occur, as evidenced by petfroleum
occurrence in middle Miocene reservoirs, thousands of feet above the thermally
mature Paleogene source rock,

Source Section

The source rock appears to be largely |imited to the Paleogene part of
the section, I.e., the Talang Akar and Jatibarang volcanics. They are
discussed In detall below.

Petroleum Generation and Migration
Richness of Source

The organic richness of the Neogene sediments, 1.e., the sediments above
the Talang Akar Formation, Is generally poor (Fletcher and Bay, 1975). The
Talang Akar sediments on the other hand are organically rich, particularly In
the deeper subbasins. These deltalic sediments are rich In terrigenous, woody
plant material; algal-rich coals are common and reputed to be the princlpal
source of the West Java oil (type |1l kerogen)., Total organic carbon ranges
from 0.5 to 20 percent. Outslide of these deeper subbasins of fine-gralned
sediments, there Is only Talang Akar grits or marine shale facles, and the
source rock potential Is low, thus essentially |imiting appreciable petroleum
generation to the vicinlty of deep grabens. This richness of source, and also
effectiveness of the trap, Is attested to by the 70 percent flll In the maln
reservolr (Miocene sandstone) of the B structure.

Depth and Volume of Source Rock

Fletcher and Bay (1975) report thermal alteration Index (TAl) readings
for a number of wells., |f one assumes that the onset of substantial
hydrocarbon generation begins at a maturation level of vitrinite reflectance
(Ro) of 0.7 percent, which is approximately equivalent to TAl of 2.75, the top
of the mature zone varies irregularly between 4,000 and 6,000 ft, probably
averaging about 5,000 ft. At this depth, the mature sediments are IImited
approximately to the Oligocene Baturaja and Talang Akar Formations (of the
Lower Cibulakan) and, more Importantly, are |Imited to the deeper subbasins.

Colincidentally, both organic richness and thermal maturity |imit the
principal source rocks to the deeper subbasins, Minor amounts of organic
materlal, however, probably exist In the Upper Cibulacun Formation which
extends, above the subbasins, throughout the northwest Java Basin at a
relatively shallow depth (<3000 ft+). The gas in this upper section Is |lkely
of blogenic origin.

The %olume of source rock in these subbasinal areas Is approximately
10,500 mi~.

Oil versus Gas

The oll reserves of Northwest Java are about 2.75 BBO, and gas Is around
2 Tcf. All reservoirs contain oi! and gas, but the middlie Miocene, relatively
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shallow (Parigl Formation) reefs are almost exclusively gas, as are the
Baturaja reefs in the eastern Adjuna subbasin; this gas Is probably of
biogenic origin. It Is estimated that the overall oll-gas mix Is about 70
percent oil and 30 percent gas, ranging from 75 percent oll In the Ol igocene
(Takang Akar Formatlion) to 15 percent In the middle Miocene carbonates (Parigl
and Baturaja Formation).

Migration Timing versus Trap Formation

Assuming a uniform thermal gradient and subsidence rate through the
Tertlary, petroleum generation would begin In the subbasins when the source
beds, 1.e., the Talang Akar shale, subsided to a depth of about 5,000 ft,
which would have been about In the middle Mlocene, At that time, the draped
Talang Akar sandstones, as well as the Baturaja reefs, would be largely In
place, and at least partially sealed, ready to receive the migrating
petroleum, Some reservolr deterioration may have occurred during the
Ol Igocene and early Mlocene. The Parigi Limestone and other Miocene reefs
were deposited somewhat later and probably missed the early migrating
petroleum, but were available for biogenic gas.

Plays

Five plays are closely |inked to the reservoir groups and are consldered
in detail in the play analyses,

. Fractured Paleogene volicanics (.74 MMA)

Ol tgocene-lower Miocene deltalic sandstones (5.5 MMA)
Lower Miocene reefs (3.84 MMA)

Lower-Middle Miocene draped sandstones (1.6 MMA)

. Middle Miocene carbonates (3.2 MMA)

Ul & WN —
L]

East Java Sea Basin
Location and Size

The East Java Sea basin Is largely offshore and Iles between Kal imantan
(Borneo) to the north and the axial range (volcanlc arc) of eastern Java and
Ball to the south, |t extends eastward from a saddle at about Long.
110°30' E., the Karimunjawa Arch, on the west to South Makassar Sea on the
east (figs. 1 and 28)., |Its northern slde Is a shelf which continues north
into Kalimantan., The northern boundary Is placed at what is belleved to be
the northernmost |Imit of primary petroleum migration from the deeper basin
source areas to the sou%h (fig. 28). On this baslis, the basgn has an area
approximately 43,000 mi~ and a sedimentary fill of 77,000 mi~,
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Exploration and Production History

The onshore Madura subbasin portion of this basin In northeast Java has
produced 170 milllon barrels of oil from 27 small, shallow flelds during the
last 80 years, All Important discoveries were made prior to 1925, and
presently only five minor flelds are still operating; peak production was
reached In 1940 when 40,000 barrels per day were produced.

Most modern exploration, beginning In 1967, has been offshore; some 60
wildcats have been drilled. Some discoverles, about ten oll and seven
uncommercial gas, have been announced, but no production has yet been
established., Attempts were made to produce one fleld, Poleng (fig. 28);
production began In 1975 and ended in 1978 when the fleld was shut-in., Its
cumulative production is 1.8 miilion barrels, and ultimate recovery Is
estimated at 4 million barrels, Subsequently In 1985, the nearby Madura fleld
was put on stream from presumably the same horizon (Kujung Unit 1) (fig. 29)
with recoverable reserves of 22,1 MMBO and some gas; initial production of
15,000 BOPD declined to 3,500 BOPD in less than a year. Two recent
significant discoverles are: L-46, between the East Java Shelf and the Ball
basin (fig., 28), which tested 1,000 BOPD from Eocene sandstones possibly over
a drape feature, and Pagerungan gas fleld near Kangean Island (fig. 28), which
tested 27 MMCFGPD 248 BCPD and has estimated reserves over 3 TCF plus
condensate,

Although some 60 wildcats have been drilled in the offshore, the
exploration of the province Is conslidered to be only in an Immature stage,
perhaps 30 percent tested. Many of the wells tested traps too far updip on
the shallow shelf to have been accessible to migrating hydrocarbon, Also,
because of the many small carbonate traps of unpredictable reservoir
propertles, many wells will be required to establish the petroleum potential
of the carbonate play.

Structure
General Tectonlcs

This basin Is a classic back-arc basin lying between the craton to the
north and the volcanic arc to the south (the Java Axial Range), The area of
the basin Is largely a foreland shelf dipping gently southward with an Eocene
Yo recent hinge |ine between It and the deeper, basinal area to the south, the
Madura subbasin and its eastern extension, the Ball basIn (figs. 28 and 30),
The hinge lIne approximates the northern coast of Java and extends eastward
along the north coasts of Madura and Kangean Islands., The shelf area Is
covered by a relatively thin stratigraphic sectlion, averaging less than 6,000
f+ (2 km), whereas the basinal area contalns probably more than 30,000 f+t
(5 km) of sediments, predominantly thick, plastic shales, The compressive
forces, presumably created by the northward subduction of the India-Australia
Plate beneath the Indonesia Island Arc have created numerous east-west folds
In the more plastic basinal fill, but not In the thinly covered more rigid
shelf,

The shelf Is crossed by a series of northeast-trending ridges and basins
or half-grabens, controlled by down-to-the-northwest faults of largely
Paleogene age with continued movements Into the Miocene (fig. 28). The origin
of this structure may be marginal rifting of the Sunda Continental Block. The
faults parallel the Cretaceous contlinental edge as Indicated by the contact
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between the granitoid continental crust and the accreted Cretaceous melange,
which underlies the East Java basin approximately corresponding with the
southeast side of the Karimunjawa Arch (fig. 28).

The plays are controlled to a considerable extent by the tectonics; they
are: 1) shelf carbonate reefs localized by the northeast-trending fault-
originated ridges and by the east-trending hinge, 2) shelf drapes local lzed by
the northeast-trending ridges, and 3) folded sandstones of the basinal area.

Structural Traps

. From examination of an unpublished map of the
shelf area just north of Madura Island, 1t appears that the drape traps over
basement highs, ridges, and hinge |ines make up about 5 percent of the area.
The examined part of the shelf seems to have more structure (and better cover)
than other parts of the play area; so the average percentage of trap area in
the whole shelf play may be only half that of the sample area, or 2,5 percent,
On this basis, there are about 425,000 acres of trap (2.5 percent of 17
million acres of play area; see Plays). Reefs localized by this structure are
discussed under Reservoirs,

Basinal Folds. Onshore, Eastern Java and Madura Island have small,
shal low structurally complicated fields (active or abandoned) of some 44,000
acres of closure (Soetaniri and others, 1973), This amounts to less than 1
percent of the 7 million acres of onshore play.

Most of the flelds are of such a small size, complicated, and diapiric,
that their offshore development probably would not be economically feasible,
There are, however, some larger folds east of and on trend with Madura Island,
l.e., along and Immediately basinward of the shelf edge. Here in a |imited
zone of about 2,5 million acres are closures which perhaps make up 5 percent
of the zone or about 125,000 acres, most of which is untested. Considering
these larger offshore, shelf-edge folds along with the few small closures on
land, perhaps there are 150,000 acres of untested traps in this play,

Stratigraphy

The rocks are of two environments; over most of the basin the
stratigraphy Is predominantiy shelfal, made up largely of carbonate and shale
with some sandstones, whereas in the southern third of the area (south of the
hinge |ine), the rocks are largely basinal, i.e., thick, neritic to bathyal
strata, mostly shale with some carbonate and sandstone (figs. 29 and 30).

The stratigraphy of the basinal area progresses rapidly from the shelfal
facies to the practically all-shale section of the Madura Strait Well MS-1 (35
km south of the hinge Iline, fig. 30). Reservoirs of the basinal area are thin
and sparse,

The sedimentation of the shelfal area (fig. 29) began with an Eocene
transgression from the east over an irregular Mesozoic surface. This was
followed by a period of general quiescence, which lasted, with some minor
interruptions, through the Tertiary to the present. The sediments are charac-
terized by thick, widespread carbonate units and accompanying shale. More
arenaceous deposition was confined to three zones: 1) the initial eastern
Eocene transgression, 2) short periods of deposition of Ol igocene sandstone
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derived from the west, and 3) regressive fine-grained sandstone deposition In
the middle to late Miocene,

Reservoirs

Principal potential reservoirs of the East Java shelf stratigraphic
section (fig. 29) appear to be:

1) Eocene-lower Ol igocene transgressive sandstones

2) Eocene carbonate reefs

3) Lower Oligocene "CD Limestone™ bank carbonate

4) Upper Ol igocene Unit |1, Kunjung Formation carbonate reefs and banks

5) Lower Miocene Unit |, Kunjung Formation carbonate reefs and banks

A sixth potential reservoir zone Is the middle Miocene clastics of the
basinal, off-shelf facles.

All these reservoirs have been tested, and have yielded some hydro-
carbon, but only Unit+ | of the Kunjung Formation has commercial amounts. The
lower Miocene carbonate reefs and banks appear to be the prime objective
reservoirs (i.e., Unit |, Kunjung Formation), followed by the Eocene carbonate
reefs. In the following discussion, the Eocene-lower Ol igocene transgressive
sandstones are considered together; the objective carbonate reservoirs are
grouped as one; and the middle Miocene clastics of the basinal area are
considered as one objective,

Little data are available; these Eocene to lower Ol igocene sandstones are
assumed to extend over the entire shelfal area of some 17 million acres.
Effective pay would probably have to be at least 50 ft+ thick to constitute an
economic accumulation., An average accumulative effective thickness of 100 ft
Is assumed.

Miocene Carbonate Reservoirs

The reservoirs are In reefs or carbonate buildups confined to the
carbonate shelf of some 5 miilion acres. By count of reefs in one sector of
the shelf north of Madura Island (unpublished map), it appears that a great
number of smal! reefs and bank bulldups make up about 7 percent of the
carbonate shelf area. Reefs and the builldups appear to be unusually numerous
in this sample area, however, so that the percentage trap of the entire play
would be somewhat lower. Five percent would seem to be a good average, giving
a carbonate trap area of 250,000 acres.

The net pay of Poleng field Is 225 ft (Soeparjadi and others, 1975); JS-
1-1, another announced early discovery, had 20 ft of net pay. An average pay
for a productive accumulation is probably about 200 f+. The porosity varies,
and its predictability appears to be a major exploration problem. The average
porosity may be low; 18 percent Is assumed.

Miocene Basinal Sandstones

These sandstones are |imited to the basinal area where they are
Interbedded in a largely shale section, Great net sandstone thicknesses are
reported from 639 to 440 ft in the onshore and 500 ft+ in MS-1, These figures
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appear very high considering the small amount of production obtalned, It is
suspected that the net effective pay thickness is 200 ft or less,

Seals

The average porosity and the permeabi!ity of the stratigraphic section
generally is poor. Seals made up of shales and low=permeabil ity carbonates
abound., Lack of seal does not appear to be a significant problem in this
basin, but considerable oll-stained section, especially in the Eocene
wildcats, Indicates leaking traps.

Source Section

The depth of the thermally mature sediments 1s about 7,000 f+. This
limits the source rock to the Ol igocene and earlier,

Petroleum Generation and Migration
Richness of Source

The organic content of rocks in the East Java basin generally is meager.,
The richest organic carbon values are In the lower "OK" Formation (middle
Miocene) (fig. 31), which range up to 7 percent with a median of 1,75 percent.
This unit, however, appears to be too shallow over most of the basin to be
thermally mature., Units Il and |1l of the Kajung Formation (lower Miocene-
Ol Tgocene) have organic carbon contents above 0.5 percent (the accepted lower
limit for designating source rock), but it is somewhat meager with median
values of .55 and .95. Undoubtely, there Is more source rock in Eocene and
Ol igocene shale, of unknown organic content, of the eastern part of the basin
where oll-stained Eocene carbonates have been penetrated in several wells and
where 1,000 BOPD have been tested from Eocene sandstones L-46. The petroleum
fill ranges from 100 percent at Poleng down to 6 percent at 53A=1, Indicating
sufficient source, but perhaps leaking traps.

Depth and Volume of Source Rock

The East Java basin with a thermal gradient of 2.2°F/100 ft+ (Kenyon and
Beddoes, 1977) Is considerably cooler than the adjoining Northwest Java basin
with a thermal gradient of 3.6°F/100 f+., This may be related to I+s position
over Cretaceous melange rather than granitic craton (fig. 29). I+ does
Indicate that mature source rock must be considerably deeper within the basin
and therefore of less volume, possibly explaining the poorer exploration
results in the East Java Sea basin versus the Northwest Java basin,

Thermal Alteration Index (TA!) values from an unknown number of wells
scattered over the basin, (Russel and others, 1976) determine the top of the
mature zone of the East Java basin fto average around 7,000 ft+ (when TAl >
"24") (fig. 32). On fgis basis, the volume of source rock on the shelf is
approximately 6,000 mi~, and the prospective area I§ Iimited fo the graben
areas In the southern third of the shelf (26,000 mi“); i.e., where the
sediments are over 7,000 ft+ (2 km) deep, plus allowance for perhaps 25 miles

62



14STOGRAM OF ORGANIC CARBON VALLES FOR THE
DN 173 - LOWER "OK’, KUOJUNG UNIT I, KUDJUNG UNITII,
. KUDJUNG UNTT IIT, AND “CD" FORMATIONS FROM
LowEn . A’ SELECTED VARIOUS JAWA SEA WELLS

MUMBEAR OF ANALYSES

L) (] 1] i1

rganic carbon

v

(Y Y &
Percent o
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of up-dip migration; this approximate |imit is shown by a dotted line In
Figure 28.

01l versus Gas

Gas and oll shows have been encountered in many of the 50 wildcats
drilled, but no relative amounts have been recorded. The Poleng field
reportedly has 102 ft+ of net oil pay overlain by 153 ft of net gas pay
(Soepar jadi and others, 1975). Assuming a tabular shape, this means that oll
takes up about 40 percent of the trap volume, and In the absence of other
data, this Is assumed to be the average for the shelf. The basinal area may
be somewhat more gassy and perhaps oil is only 30 percent of the petroleum
mix,

Migration Timing versus Trap Formation

Assuming the thermal gradient and subsidence were constant during the
Tertiary, petroleum generation and migration began when the sediments reached
a thickness of 7,000 ft (2,000 m), which would be about the end of the
Ol igocene (top of Unit 1) (figs. 29 and 31) in the transverse grabens and
shelf edge (hinge |ine zone)., However, a major part of the up-dip shelf
subsidence has been slower so that large parts of the sedimentary volume did
not become thermally mature (i.e., reaching 7,000 m depth) until more
recently. Consequently, reservoirs in those areas particularly the objective
lower Miocene Kujing Unlt [, may have been damaged by diagenesis before being
available to primary petroleum migration from the deeper source-rock areas.

Plays

The untested traps of the East Java Sea appear to be in three principal
plays listed below. Detalls are given in individual play-analysis for each of
these plays.

1. Shelf Reefs

Petroleum accumulations occur in Tertiary carbonate reefs and banks on
the foreland shelf of the East Java Sea basin, Most of the prospective reefs
are lower Mlocene carbonates, but some may range from Eocene to late Miocene
in age. The area of the foreland shelf is some 17 million acres, but the
carbonate platform upon which the reefs grew, and considered the play area, Is
about 30 percent of the shelf, or about 5 million acres.

2. Shelf Drapes

Hydrocarbon accumulations occur In sandstones or calcarenites which are
draped over faulted and tilted basement blocks., Part of the trap may be
closures against those block faults which have continued to act intermittently
through the Tertiary., The reservoirs are largely confined to Eocene-lower
Ol igocene transgressive sandstones but may Include younger sandstones draped
over carbonate bulldups., The area of play Is the foreland shelf of the East
Java Sea basin, which is 17 milllon acres.

3. Baslinal Folds

Petroleum accumulation occurs In Neogene folds Involving the sediments of
the basinal area, 1.e. the Madura and Ball subbasins., Reservolirs are
sandstones (or calcarenites) near the shelf edge. The play is Iimited to the
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deep basinal area of the East Java Sea basin., The area Is about 10.7 million
acres (flg. 28), but the zone of the most prospective, undrilled traps is
largely |Imited to an offshore zone basinward of the hinge, an area of
approximately 2.5 million acres.

Barito Baslin
Location and Size

The Barito basin Is near the southeast corner of Kalimantan (Borneo)
(figs. 1 and fig. 33). It Is bounded on the north by a saddle between It and
Kutel basin; on the south 1+ merges onto the shelfal portion of the Java Sea
(the boundary is taken to be about at the coast Iine). On the east it is
bounded by the Meratus Range and on the west by the southwestern (Sunda)
platform Qf Kal imantan at about latitude 11g°. I+ has an area approximately
19,000 mi” and a sedimentary fill 43,000 mi~,

Exploration and Productlion History

Exploration began In 1930 and the first oll discovery was made at Tanjung
In 1937, Tanjung and minor satellite fields, Warukin Salatan and Tapian
Timur, are now producing oil from the Eocene, Tarakan Formation., Tanjung did
not begin production until the early sixtles; cumulative production as of the
end of 1979 was 93.3 miliion barrels (includes the other neighboring fields)
and Is declining rapidly; original reserves of 134 milllon barrels are
reported. In late 1983, a gas discovery was made a<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>